We evaluated the titers of anti-T. gondii antibodies by various serological tests in
Toxoplasma gondii causes one of the most common parasitic infections in the world, affecting a wide range of hosts including man, domestic animals and birds. Toxoplasma infection in dogs is very common as demonstrated by various serological surveys (Svoboda 1987 , Lindsay et al. 1990 , Uggla et al. 1990 , Ulón & Marder 1990 , Guimarães et al. 1992 , Shad-Del et al. 1993 , Björkman et al. 1994 ) while clinical toxoplasmosis is very less frequent, usually seen in young animals, and is associated with concurrent immunosupressor factors or infections, as distemper virus (Dubey 1985) .
The clinical signs of toxoplasmosis in dogs are usually characterized by ataxia, diarrhoea and respiratory distress (Ahmed et al. 1983) . Focal necrotic areas in the lung, liver and brain of infected dogs are common and could lead to development of several clinical signs. Therefore, toxoplasmosis in dogs and other animals can mimic many infectious diseases (Dubey 1985) .
Serological diagnosis of T. gondii infections in dogs has been evaluated by many investigators (Ahmed et al. 1983 , Svoboda 1987 , Lindsay et al. 1990 , Uggla et al. 1990 , Ulón & Marder 1990 , Hejlicek et al. 1995 . The tests used include the Sabin-Feldman, the complement fixation, the indirect haemagglutination, the direct agglutination, the indirect fluorescent antibody and the enzyme immunoassay. The demonstration of antibodies by these serological tests just indicates previous infection by T. gondii. A laboratory diagnosis defined to toxoplasmosis-disease requires the demonstration of high titers of specific antibodies and increasing levels in two serum samples taken 2 to 4 weeks apart (Dubey 1987) . The majority of these investigations carried out in dogs have not established a comparative study of the titers of these various tests and their possible correlation with active infection by T. gondii.
The purpose of the present investigation was to evaluate the titers of the various serological tests conducted with serum samples from dogs exhibiting clinical signs of infectious processes in which toxoplasmosis was one of the presumable diseases.
MATERIALS AND METHODS
Animals and serum samples -A total of 40 serum samples were obtained from dogs presented to the Veterinary Hospital, Universidade Federal de Uberlândia, State of Minas Gerais, Brazil, from 1990 to 1993, with clinical signs which might have led clinicians to suspect infection with T. gondii: apathy, fever, dyspnea, pneumonia, gastroenteritis and nervous system disturbances with incoordination, tremors and paralysis. The dogs were of various pure and mixed breed ancestry. Their ages varied from a few weeks to 14 years (mean of 2.9 ± 0.6 years) and the numbers of male and female were 19 and 21, respectively. The serum samples were collected following centrifugation at 500 x g of 5 ml of blood obtained from the radial vein from the dogs and were stored at -20°C until analyzed for Toxoplasma antibodies.
Serological tests -An indirect haemagglutination test (IHA) was performed using a reagent commercially available (Hematoxo, Biolab Diagnostica S.A., São Paulo, Brazil). The serum samples were diluted twofold, from 1:64 to 1:2,048, following the steps described by the manufacturer. All positive serum samples in the IHA test were retested after treatment with 2-Mercaptoethanol (2-ME) in order to verify the presence of IgM antibodies (Camargo et al. 1978) . Other IHA (M-Toxo) developed by Yamamoto et al. (1991) for the serodiagnosis of acute toxoplasmosis was carried out with a standardized suspension of red blood cells coated with a heat-stable alkaline-solubilized extract of T. gondii, which reacts predominantly with IgM antibodies. To 50 µl of doubling diluted serum, as above mentioned, 25 µl of sensitized cell suspensions were added and the agglutination pattern read after incubation of 1 hr and 30 min at room temperature. Positive and negative reference serum samples (for IgG and IgM specific to T. gondii) were included in all assays.
The indirect immunofluorescence test for detection of IgG antibodies to T. gondii (IgG-IFI) used in this investigation was similar to that used for diagnosis of human infections (Camargo 1964) . Antigen slides of T. gondii were incubated with serum samples screened at 1:64 dilution and positive samples were then diluted twofold until 1: 4,096. An isothiocyanate fluorescein labeled rabbit IgG anti-dog IgG (kindly supplied by Centro de Zoonoses, São Paulo, Brazil) was used as secondary antibody and the optimum titer (1:150) was determined by block titration with positive and negative serum controls. Positive control sera were obtained of the dogs with consistently positive serological results by IHA-Hematoxo, in interassay and intraassay variation tests. Negative control sera were obtained of dogs healthy with consistently negative serological results by IHA-Hematoxo, as mentioned above. The slides were examined by epifluorescent microscope (Olympus, Mod. BH2, Tokyo, Japan).
An immunoenzymatic test (ELISA) was carried out for detection of IgG antibodies anti-T. gondii as described (Mineo et al. 1980 ) with some modifications. Microtiter plates (Hemobag, Campinas, Brazil) were coated overnight at 4°C with a soluble antigen preparation (0.25 µg of protein/well), consisting of a sonicated extract of purified Toxoplasma tachyzoites diluted in 0.06M sodium carbonate buffer (pH 9.6). The plates were washed three times with phosphate-buffered saline containing 0.05% Tween 20 (PBST) and incubated with the samples. Doubling dilutions of the dog serum samples, diluted from 1:64 to 1:16,384 in PBST with 20% equine serum (PBST/ES) were added in duplicates to the wells and the plates incubated at 37°C for 45 min. After repeated washing, the secondary antibody, consisting of a peroxidase (horseradish peroxidase, type VI, Sigma Co., St. Louis, USA) labeled to rabbit IgG antidog IgG, prepared as described (Wilson & Nakane 1978) and diluted 1:20,000 in PBST/ES, was added and incubation performed for 45 min at 37°C. After a final wash, the plates were incubated with enzyme substrate hydrogen peroxide and o-phenylenediamine (Merck, Germany) in 0.1M citrateNa 2 HPO 4 buffer (pH 5.5) for 15 min at room temperature. The reaction was stopped by adding 2N H 2 SO 4 and the absorbance was read at 492 nm using a Titertek Multiskan-Plus spectrophotometer (Flow Laboratories, USA). Positive and negative serum controls previously tested by conventional serological tests (i.e., IHA and IFI) were included on each plate. Samples showing absorbance values exceeding the mean absorbance of the negative controls plus 2 standard deviations were considered as positive. Other immunoenzymatic test (PA-ELISA) was developed for detection of IgG antibodies anti-T. gondii, as described above, except by using peroxidase labeled Protein A (Sigma Co., St. Louis, USA) as secondary antibody which was diluted 1:100,000 in PBST with 1% bovine serum albumin.
The titers obtained on the serological tests were defined as low titers when the reactivity was equal or lower than 128. On the other hand, titers higher than 128 were defined as high titers.
Statistical analyses -The antibody titers were codified in log 10 in order to determine the geometric means of the titers (GMT) (White 1973) . The significance of the difference among these values was determined by the Mann-Whitney and Kruskal-Wallis' tests (White 1973) . The correlation coefficients between the titers provided by the IHA, IgG-IFI, ELISA and PA-ELISA tests were determined as reported (Lutz 1967) .
RESULTS
When carrying out the indirect immunofluorescence (IgG-IFI), indirect haemagglutination (IHA and M-Toxo) and immunoenzymatic (ELISA and PA-ELISA) tests, the criteria followed for the samples be considered positive was the detection of antibodies in titers ≥ 64. The IHA test revealed T. gondii antibodies in 9 samples (22.5%); the IgG-IFI test demonstrated specific antibodies in 14 samples (35%), whereas the ELISA and PA-ELISA tests showed anti-Toxoplasma antibodies in 14 (35%) and 12 (30%), respectively. In the attempt to detect specific IgM by the IHA with 2ME and M-Toxo tests, it was observed 1 (2.5%) and 5 (12.5%) reactive samples, respectively. The distribution of Toxoplasma antibody titers determined by all these serological tests is demonstrated in Table. We observed titers of 64 to 2,048 for IgG-IFI (GMT = 2.68); titers of 64 to 8,192 for both ELISA and PA-ELISA (GMT = 3.43 and 3.22, respectively) and titers of 64 to 512 for IHA (GMT = 2.54).
Based on these results, it was possible to divide the positive samples in two different groups: a) a group of positive samples in all three tests (from # 1 to # 8) which presented high titers of antibodies; and b) a group of positive samples in only one or two tests (from # 9 to # 17) which revealed low titers of antibodies. The positive results of this latter group were mainly related to the IFI and ELISA tests. The GMTs for the high titer group in comparison with the low one were 2.87 and 2.07; 3.67 and 1.98; 3.39 and 1.90; 2.57 and 2.11, respectively for IgG-IFI, ELISA, PA-ELISA and IHA (p < 0.01). In addition, the reactive samples for the IHA with 2ME and M-Toxo tests (GMT= 2.56 and 2.32, respectively) were predominantly included in the group of positive samples with high titers. No significant differences were seen according to sex, age and ancestry.
The correlation coefficient between the titers provided by ELISA versus PA-ELISA was highly significant (.98; p < 0.01). On the other hand, the comparison between IHA and IgG-IFI shows a non-significant correlation index of .51 (p > 0.05), while the comparison between ELISA versus IgG-IFI and IHA versus ELISA demonstrated significant correlation indexes (.69 and .81, respectively; p < 0.01). 1  128  8192  4096  512  512  128  2  128  4096  1024  256  128  -3  2048  8192  8192  512  512  512  4  256  2048  1024  512  256  64  5  1024  4096  2048  64  --6  256  2048  1024  512  256  -7  2048  8192  2048  512  512  128  8  64  512  256  128  --9  -6 4  ----10  128  --128  64  64  11  256  128  128  ---12  64  64  64  ---1 3  6 4  -----14  -128  64  ---1 5  6 4  -----16  128  128  64  ---1 7 -6 4 ----Cut-off ≥ 64 two tests, establishing a total of 43% (17/40) of seropositive samples for T. gondii antibodies, and 57% (23/40) of negativity in all tests.
samples from dogs exhibiting clinical signs suggestive of toxoplasmosis. Our results showed that, even though all serum samples came from dogs exhibiting clinical signs of infectious disease compatible with toxoplasmosis, only 43% of them presented antibodies against T. gondii. Thus, three groups were identified: (1) seronegative samples (57%) -this finding can be explained by the fact that there is an overlapping of clinical signs among toxoplasmosis and many infectious diseases in dogs and other animals, so that they can mimic each other (Ahmed et al. 1983 ). Thus, a negative serological result generally rules out a diagnosis of toxoplasmosis and shows significance, as it may guide the procedures of the clinicians in research for other diseases; (2) seropositive samples in all three tests (20%) with high titers of antibodies and predominance of IgM antibodies detected mainly by the M-Toxo test. This test, developed for the serodiagnosis of acute human toxoplasmosis (Yamamoto et al. 1991) , was carried out with the dog serum samples in order to verify its suitability for detection of IgM-specific antibodies in dogs. It was found 4 positive samples by M-Toxo out of 8 positive samples (50%) for IgG antibodies in all three tests, suggesting that these animals might be presenting an active infection by T. gondii. The 4 M-Toxo non-reactive samples in this group but with high titers of IgG may represent IgM false-negative results due to competitive interaction with IgG which presents higher avidity; and (3) seropositive samples in only 1 or 2 tests (23%) with low titers of antibodies and mainly related to the IFI and ELISA tests. The results of this group suggest that the samples might belong to animals with chronic infection and the titer and the positivity rates were totally dependent of the sensibility of the employed tests. From the serological methods used in the present study, ELISA and IFI can be strongly recommended. On the other hand, by using IHA, a negative result should be taken carefully because the possibility of T. gondii infection cannot be excluded.
It was shown in the present investigation high correlation among the ELISA and PA-ELISA tests. Since it seems that the use of Protein A -peroxidase in the ELISA test for the determination of Toxoplasma antibodies in dogs has not previously been reported, we concluded that PA-ELISA could also be used in serological surveys in dogs for detection of anti-T. gondii IgG antibodies.
Taken together, the results presented here show that the diagnosis of toxoplasmosis in dog have to be based on combination of serological tests that are able to detect different anti-T. gondii antibodies and with emphasis in the determination of the titers and the classes of the immunoglobulins. Brazil (1990 Brazil ( -1993 .
DISCUSSION
Many investigations have been conducted on serological diagnosis of T. gondii infection in dogs. However, the majority of them have not established a comparative study of the antibody titers and their possible correlation with active infection by T. gondii. So far, it has not been possible to make valid comparisons among prevalence of antibody to T. gondii in serum samples of dogs from these various studies because of the differences in sensitivity and specificity of the employed serological tests and also the lack of standardization for each test (Dubey 1985) .
The variations in incidence of Toxoplasma serum titers could be related to modifications in infection rates or to the sensitivity of the different tests used as well as the cut-off established for each test (Ahmed et al. 1983) . In this context, it should also be pointed out that the prevalence of animals with T. gondii antibodies is closely dependent on the titer regarded as positive. In most studies the usual dilutions of 1:16, 1:64 or 1:100 (for IFI, IHA or ELISA, respectively) were considered as positive (Ahmed et al. 1983 , Svoboda 1987 , Ugla et al. 1990 ).
The present study is the first publication concerning the comparative analyses of the IFI, IHA and ELISA tests in dogs. Therefore, we evaluate the titers of anti-T. gondii antibodies determined by three serological tests conducted with serum
